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How many of you had to do a senior thesis?
I won’t be talking about particular assessment tools
or measures
I will be talking about what we are doing to make
senior thesis more of a success - and that’s ongoing
The Setup
The Physics BS requires a Senior Thesis - an extended
project over several months, documented in detail
This is our capstone - demonstrates mastery in written
and oral communication, and depth in quantitative reasoning
This can be a springboard for their future careers - much
more informative for graduate school applications and
career interviews
and it should be fun!
(frog’s ears experiment)
experimental
Figure 1: Schmidt-Cassegrain Labeled
[3]
The light goes through through the corrector plate, reflects o↵ of the primary mirror,
then reflects o↵ of the secondary mirror. This light then travels to the eyepiece. This light
path is shown in Figure 2.
Figure 2: Light Path in Schmidt-Cassegrain Telescope Tube
[3]
This design allows for the light to t ravel three t imes the length of the telescope tube.
The reason this telescope design is advantageous over others is because it makes compact
telescopes that have the capacity for larger scale observat ions. The biggest downside to
these types of telescopes is that they are generally more expensive than other designs.
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Figure 12: Captured Image of M44
Using the IRSA finder chart [7] I determined the RA and DEC of the individual stars in
this image. These values were used in the SIMBAD coordinate query [9] to determine the
known apparent magnitudes of the dimmest dist inguishable stars. The documented image
from SIMBAD is shown in Figure 13.
Figure 13: Simbad Image of M44
Fourt n apparent magnitudes and their r lat ive signal to noi e rat ios are shown in
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Figure 8: Setup for Image Taking
4.1 Sky Flat
The Sky Flat is an evenly illuminated image of the sky. The purpose of a sky flat is to
determine the performance of the opt ical system itself. In this, the sky flat reveals whether
or not there is vignet t ing, internal reflect ions, or dust somewhere in the opt ical system.
[10]
To obtain the sky flat for the 10” diameter, I took ten images of the sky at twilight . A
reference image of this process is shown in figure 8.
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theoretical
U(1) Lat t ice Gauge Theory Johnson Liu
Figure 16: Im(Polyakov) versus
Re(Polyakov) for β = 1.1.
Figure 17: Im(Polyakov) versus
Re(Polyakov) for β = 2.0.
or below the βcrit value, the system is con-
fined. The average Polyakov of the sys-
tem exists within a region bound by a
circle. However, at β values above the
βcrit , the system is deconfined. The av-
erage Polyakov exists along a circle, give
or take a few steps away from a perfect
circle.
7.4 T he Cor relat ion between
Polyakov Loops and t he
Coulomb Pot ent ial
Each Polyakov loop contains informat ion
about a charged part icle at site (x, y, z).
The real part of the product of a Polyakov
loop and thecomplex conjugateof another
Polyakov loop is proport ional to an expo-
nent ial funct ion where the argument is re-
lated to the Coulumb potent ial.
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This relat ionship can be checked by
comput ing P0P
⇤(r ) throughout the lat -
t ice, taking theaverageof P0P
⇤(r ) for each
value of r , and taking the natural log of
the average. P0 is the Polyakov loop at
the origin, i.e. the site at (0, 0, 0, 0)
while P⇤(r ) is the complex conjugate of
the Polyakov loop at a distance r away
from the origin. For example, the site (0,
1, 1, 1) would be r =
p
3 units away from
the origin while the site (0, 1, 0, 0) would
be r = 1 units away from the origin. Fig-
ure (18) shows the negat ive of the natu-
ral log of thecorrelat ion between Polyakov
loopsasa funct ion of thedistancebetween
points on the lat t ice.
Figure 18: The negat ive of the natural
log of the correlat ion between Polyakov
loopsasa funct ion of thedistancebetween
points on the lat t ice.
8 Conclusion
The behavior of photon fields has been
simulated on the lat t ice. Metropolis up-
dates are used to update the links on the
lat t ice. Di↵erent measurements have been
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The Problem - timing
It’s typically taken by seniors in their final semester: 
1. do they have a project in time?
2. how recent is their scientific writing experience ?
3. can do they do something, write it up and present
it in one semester ?
4. “senior-itis” - is it too close to the end of the major,
motivation is dropping, ends up being less fulfilling ?
Is it really a problem?
Our own assessment of outcomes shows a broad
range of success, from 
(1) full mastery of a project, detailed technical writing, 
confident oral presentations, can answer questions well
to
(2) does enough in each category but doesn’t master 
any of them  
is this just the usual spread among students? 
are there structural issues e.g. 
timing of courses
recency and depth of scientific writing




The Physics BS 
layout
Advanced Laboratory:
Students examine experimental studies in 
modern physics, especially ones that require the 
design, construction and use of special 
apparatus. The course includes experiments in 
atomic, nuclear, and particle, optics, solid state 
physics and astrophysics are possible.
1. it’s a natural lead-in to Senior Thesis
2. the right skills in the 2nd to last semester - good timing
3. connection from course to capstone already there
To make it coherent:
Advanced Lab instructor (Dr Elisa Toloba) makes sure 
students have a thesis project already during Fall 
i.e. a supervisor, an outline, get started on methodology
and reading, give an introductory talk
This is not directly part of Adv Lab course, but becomes
one of the program outcomes
better timing: graduate school applications due in Fall,
senior thesis is too late to include, an active project in
Fall means better recommendation letters and better
student statements   
different supervision:
each student has a mentor who’s an expert for the 
project (typically connected to faculty’s own research)
senior thesis director to manage overall schedule, pace
of thesis writing, oral presentations, mandatory PURCC
participation, more coherent across mentors
that role will rotate among faculty
how’s it going?      assess!
this is our 2nd year with changes, so still new
1st year: 
(a) logistics (e.g. scheduling talks) more challenging 
than expected
(b) balance student time between director and mentor  
(c) quality of written work and oral presentations high
(d) mandatory PURCC participation very positive
final thoughts
are there other courses where we can make 
connection to the capstone more prominent?
is this specific to our program only?
